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San Diego, California
Objectives The aim of this study was to determine the extent, type (e.g., staff, equipment), and sources of funding for pub-
lished cardiovascular research.
Background Important cardiovascular research is often performed without direct financial support. The degree to which medi-
cal research is conducted on an unfunded basis remains uncertain.
Methods We sent an electronic survey (Survey Monkey) to 938 corresponding authors who published papers in the
Journal of the American College of Cardiology from 2007 through 2009. The data sought included the authors’
characteristics (e.g., age, institution, type of research), funding, sources of funding, and types of support for their
research.
Results The response rate was 41% (388 of 938). The percentage of authors who were fully funded was 26%, 44.1%
were partially funded, and those without any direct funding amounted to 30%. Most funding came from govern-
ment (41.8%) and industry (35.1%), whereas institutional, foundation, association, philanthropy, and other
grants contributed the remaining 23.1%. Funded authors received supplies (43.6%), staff (41.5%), and salary
(39.7%) to a greater extent than equipment (27.3%) or administrative (24.7%) support. Significantly fewer au-
thors 40 years of age or younger (24.3%) were partially funded relative to authors older than 40 years of age
(47%) (p  0.001). Significantly fewer authors from a community hospital (0%), from Europe (16.7%), or con-
ducting interventional (7.3%) or heart rhythm (11.5%) studies were fully funded (all p  0.05). Although only a
trend, clinical investigators were more likely to be unfunded (35.7%) relative to basic/basic and clinical investi-
gators (19.1%) (p  0.001). Those significantly more likely to be fully funded were authors from the United
States (35.3%) relative to non-American authors (28.6%) (p  0.006). In addition, authors received more fund-
ing working in a government or VA hospital (45.9%) than nongovernment hospitals (27.1%) (p  0.001). The
authors who were 50 years of age or older, from the United States, had PhD degrees, doing basic as well as clin-
ical research, or studying genetics/genomics had significantly more sources of funding and types of support (all
p  0.05).
Conclusions Considerable published cardiovascular research is currently being conducted without direct financial support.
This is particularly true for young clinical investigators. The inability to accommodate this investigation in
the medical enterprise might substantially diminish the amount of new knowledge coming forth. (J Am
Coll Cardiol 2013;61:275–81) © 2013 by the American College of Cardiology Foundation
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2012.10.013f
c
aIt has generally been accepted that adequate funding is
necessary to create major advances in biomedical research.
However, important cardiovascular research is often per-
formed without direct financial support, especially clinical
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accepted April 30, 2012.research from academic institutions (1). Drawing on discre-
tionary time sequestered from clinical assignments, equip-
ment and personnel used to provide medical services, and
data derived in the course of clinical care, investigators have
generated important insights into the mechanism, diagno-
sis, and treatment of cardiovascular disease. Similarly, basic
scientists have used the facilities and personnel from other
studies to conduct unfunded experiments in their spare time
(2). However, the degree to which medical research is per-
ormed on an unfunded basis remains uncertain. Therefore, the
urrent study was conducted to assess the prevalence, sources,
nd type of funding used by authors who published in the
ournal of American College of Cardiology (JACC).
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Methodology. We surveyed the
938 corresponding authors whose
manuscripts were accepted for
publication between 2007 and
2009. In November 2010, an
e-mailed invitation and link to an
electronic survey was sent to the authors explaining the
purpose of the research and requesting them to voluntarily
complete the survey. A follow-up e-mail reminder was sent
9 weeks later. The survey contained 11 questions about the
authors’ name, age, institution, location, highest degree
(MD, PHD, MD/PHD, other), highest degree of senior
author if not the corresponding author, type of research,
topic of research, and funding. If their research was either
partially funded (100%) or fully funded (100%), they were
asked to list all the sources and types of support. The survey
instrument appears in the Online Appendix.
The experimental unit of this study is the author rather
than the article. None of the corresponding authors who
responded to the survey published more than 1 study in
JACC within the 3-year study period. In addition, the
survey was set so that no more than 1 response from the
computer with the same Internet Protocol address was
allowed, but 34 authors did respond a second time using a
different computer when the e-mail reminder was sent. For
these authors, only the first response was accepted.
Statistical analysis. Analyses were conducted using SPSS
version 12.0 (SPSS Inc., Chicago, Illinois). Twenty-one
chi-square tests were used to find significant relationships
between the corresponding authors’ 7 baseline characteris-
tics (age, institution, location, highest degree of senior
authors, highest degree of corresponding authors, type of
research, and topic of research) and the categories of
funding, sources of funding, and types of support separately.
Each significant chi-square test was followed by examina-
tion of standardized residuals to indicate where the statis-
tical significance lay and absolute values 1.96 were de-
clared significant at p  0.05.
Descriptive statistics regarding the authors’ characteristics
in Table 1 included the corresponding authors (n  7) and
senior authors (n  7) whose highest degrees are chosen as
“other degrees.” However, these small numbers of individ-
uals were excluded from the analysis presented in Table 2
for simplicity.
In addition, a 2-sample test of proportion was used to
compare the proportion of unfunded original scientific
research reported by the authors in our study to all published
authors in 2011 to determine whether the proportions were
significantly different from each other.
Results
Characteristics of the authors. The final response rate was
41% (388 of 938). Table 1 shows that most authors were in the
Abbreviations
and Acronyms
JACC  Journal of
American College of
Cardiology
U.S.  United States41- to 50-year age group, worked in a university hospitalsetting, and were either from the United States (U.S.) or
Europe. A majority of authors and senior authors had an
MD degree, although more than one-third had a PhD
degree, and most were clinical rather than basic investiga-
tors. The subject matter of research was spread broadly
among many cardiovascular topics reflecting the general
nature of the journal.
Funding. More than 70% of authors received at least some
financial support for their research, although in the majority
of cases, it was only partial funding. However, nearly
one-third of published papers were unfunded (Fig. 1).
There was no statistically significant difference between the
proportion of unfunded publications (93 of 375, 24.8%) in
2011 and the one reported in this e-mail survey (116 of 388,
Characteristics of the AuthorsTable 1 Characteristics of the Authors
Age, yrs (N  388)
40 107 (27.6)
41–50 149 (38.4)
51–60 103 (26.5)
61 29 (7.5)
Institution (N  388)
University hospital 285 (73.5)
University-affiliated hospital 48 (12.4)
Community hospital 18 (4.6)
VA/government hospitals 37 (9.5)
Location (N  388)
Asia 25 (6.4)
Europe 161 (41.5)
United States 167 (43.0)
Other locations* 35 (9.0)
Highest degree (N  388)
MD 218 (56.2)
PhD 32 (8.2)
MD/PhD 131 (33.8)
Other degrees 7 (1.8)
Highest degree of senior author (N  241)
MD 139 (57.7)
PhD 15 (6.2)
MD/PhD 80 (33.2)
Other degrees 7 (2.9)
Type of research (N  388)
Clinical only 252 (64.9)
Basic/basic and clinical 136 (35.1)
Topic of research (N  388)
Coronary artery disease 73 (18.8)
Heart failure 70 (18.0)
Heart rhythm 52 (13.4)
Imaging 47 (12.1)
Interventional 41 (10.6)
Congenital 19 (4.9)
Genetics/genomics 13 (3.4)
Prevention and health services 24 (6.2)
Other topics† 49 (12.6)
Values are n (%). *Other locations include Africa, Australia, Canada, India, Middle East, New
Zealand, and South/Central America. †Other topics include general cardiology and any other
topics.29.9%) (z  1.579, p  0.114).
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January 22, 2013:275–81 Magnitude and Nature of Unfunded Published Cardiovascular ResearchFunding in our study varied significantly based on the
characteristics of the authors (Table 2). Age had a signifi-
cant relationship with funding; authors who were 40 years
of age or younger were less likely to receive partial funding
and more likely to be unfunded (p  0.001). The type of
institution also had a significant association with funding.
No authors from community hospitals were fully funded,
and a greater percentage had no funding than authors in
other settings (p  0.001). By contrast, authors from
eteran Affairs or government hospitals were more likely to
e fully funded (p  0.001). The likelihood of support also
aried by location. The U.S. had a larger percentage of fully
unded authors (36.3%) than other areas, whereas Europe
ad a lower percentage (16.7%) (both p 0.05). In terms of
he type of research performed, authors who did basic or
ombined basic and clinical research were unlikely to be
ithout any support (80.9%) (p  0.001). Although not
ignificant, the data showed a trend for authors who did
linical research to be more likely unfunded. The subject
atter of research was also associated with funding: a
maller percentage of authors who studied coronary artery
isease, heart failure, or genetics and/or genomics were
ithout any support, whereas those who did interventional
esearch were more likely to be unfunded (all p  0.05).
dditionally, full funding was less available for interven-
ional and heart rhythm investigation (both p  0.05).
ources of funding. Government and industry were the
rimary basis of support in this study, accounting for 65% of
unding, while the remainder was provided by the five other
otential sources (Fig. 2). Analysis further revealed that
ources of funding were distributed differently for authors
ith certain characteristics (Table 2). There was a signifi-
ant relationship between age and industry grants; authors
0 years of age or younger had a lower likelihood of
cquiring such support (10.3%), whereas those 51 to 60
ears old had a higher likelihood (35.9%) (both p  0.001),
elative to authors 41 to 50 years of age (21.5%). A smaller
roportion (11.1%) of authors from community hospitals
eceived government grants relative to other institutions
29.2%) (p  0.007). The highest degree attained by the
orresponding authors was significantly associated with the
ources of funding. Whereas authors with MD degrees
eceived more industry contracts (16.1%), those with MD/
hD degrees received less (4.6%) (both p  0.005). Fur-
hermore, funding sources significantly supported different
ypes of research. Unlike industry contracts (5.9%), govern-
ent (58.1%), foundation (25.7%), and association grants
17.6%) significantly favored basic or combined basic and
linical research (all p  0.05). In contrast, government and
ssociation grants did not favor clinical research. As regards
he subject matter of research, authors who did interven-
ional research received fewer government grants (17.1%)
p  0.003) relative to those who did genetics and/or
enomics research (76.9%) (p  0.05).
ype of support. In general, published authors received
ore supply, staff, and salary support than equipment or odministrative support (Fig. 3). In addition, the distribution
f each type of support varied based on the authors’
haracteristics (Table 2). Age had a significant relationship
ith type of support; authors 40 years of age or younger had
ess support for supplies (p  0.013) and staff (p  0.009),
hereas those 61 years of age or older had more adminis-
rative support (p  0.011). Compared with all other
ocations, authors from the United States had more salary
upport (53.9%) and those from Asia had less (8.0%) (both
 0.001). Although not significant, the data suggested
hat authors from community hospitals received less salary
upport (11.1%) relative to authors from other institutions
37.5%) (p  0.05). Authors with PhDs had more salary
p  0.001) and equipment (p  0.008) support compared
ith all others, and those manuscripts whose senior authors
ere PhDs had a higher frequency of salary support (73.3%)
p  0.017). Equipment and supply support was more
revalent for studies involving basic research (Table 2).
ast, for the topic of research, significant associations were
een with supply, salary, and equipment support (Table 2).
f interest, authors who did interventional research were
ess likely to have salary support (p  0.001).
iscussion
ew data exist regarding the sources, recipients, and type of
unding for medical research in general or specifically
ardiovascular investigation. To address this question, we
urveyed corresponding authors who have published original
esearch articles in JACC from 2007 to 2009. Nearly
ne-third of published papers received no funding whatso-
ver. In general, investigators 40 years of age or younger
ere less likely to receive financial support, and clinical
esearch was less likely to receive funding than investigation
nvolving basic research. Although financial support was
articularly infrequent for interventional cardiology papers,
40% of studies in heart rhythm, cardiac imaging, and
ongenital heart disease were also without funding.
These data point to the importance of cardiovascular
nvestigation performed in discretionary time using supplies
nd equipment, which are available for activities other than
esearch. One assumes that much of this research involved
ata acquired and time expended in the course of clinical
uties. These findings testify to the importance of cardio-
ascular research performed in this setting and indicate the
onsequences that would occur if the demands for patient
are eliminated these opportunities. It is often difficult to
ationalize the present cost versus the future benefit from
esearch. It is likely that academic and not-for-profit insti-
utions are more inclined to support research endeavors that
o not generate immediate revenues because their mission is
ommunity service and the advancement of health care. As
he current model of health care shifts toward pay-for-
erformance, it may be increasingly difficult for health care
rganizations to justify the cost of research.
Chi-Square Analysis Showing Statistically Significant Relationships Between Author Characteristics and Funding, Sources of Funding, and Types of SupportTable 2 Chi-Square Analysis Showing Statistically Significant Relationships Between Author Characteristics and Funding, Sources of Funding, and Types of Support
Characteristics
Funding Sources of Funding Type of Support
Full Partial None
Government
Grant
Industry
Grant
Institutional
Grant
Foundation
Grant
Industry
Contract
Association
Grant Philanthropy Other Supply Staff Salary Equipment Administrative
Percentages for all
authors
26.0 44.1 29.9 41.8 23.5 18.8 17.8 11.6 10.3 6.7 2.8 43.6 41.5 39.7 27.3 24.7
Age, yrs, N  388
40, n  107 24.3 29.9 45.8 32.7 10.3 17.8 15.9 8.4 8.4 1.9 0.9 30.8 29.0 39.3 25.2 17.8
41–50, n  149 27.5 47.0 25.5 44.3 21.5 20.1 19.5 13.4 4.7 7.4 4.6 46.3 42.3 41.6 27.5 22.1
51–60, n  103 23.3 53.4 23.3 48.5 35.9 21.4 18.4 11.7 10.7 9.7 3.9 52.4 50.5 36.9 32.0 30.1
61, n  29 34.5 48.3 25.0 37.9 37.9 6.9 13.8 13.8 10.3 10.3 3.4 44.8 51.8 41.4 17.2 44.8
Institution, N  388
University, n  285 24.9 48.4 26.7 46.0 25.3 20.0 19.6 11.2 13.0 7.4 2.5 42.8 41.4 40.3 27.0 22.8
University affiliated,
n  48
27.1 35.4 37.5 29.2 14.6 12.5 10.4 18.8 4.2 6.3 4.2 39.6 41.7 37.5 20.8 27.1
Community, n  18 0.0 38.9 61.1 11.1 22.2 16.7 11.1 11.1 0.0 11.1 0.0 27.8 22.2 11.1 33.3 22.2
VA/government/other,
n  37
45.9 24.3 29.7 40.5 21.6 18.9 16.2 5.4 2.7 0.0 5.4 62.2 51.4 51.4 35.1 37.8
Location, N  388
Asia, n  25 20.0 40.0 40.0 56.0 8.0 28.0 12.0 0.0 4.0 0.0 4.0 40.0 16.0 8.0 28.0 24.0
Europe, n  161 16.7 46.6 36.6 35.4 21.1 23.6 23.6 9.3 10.6 3.7 2.5 36.6 25.5 31.7 29.8 16.8
United States, n  167 35.3 41.9 22.8 43.7 28.8 13.2 12.6 15.0 12.6 9.0 3.0 47.9 59.3 53.9 22.8 33.5
Other locations, n  35 28.6 45.7 25.7 51.4 20.0 17.1 20.0 14.3 2.9 14.3 2.9 57.1 48.6 31.4 37.1 20.0
Highest degree of
corresponding
authors, N  381
MD, n  218 28.0 44.0 28.0 39.4 24.3 17.0 14.7 16.1 8.7 8.3 4.1 43.6 49.5 41.3 23.9 29.4
PHD, n  32 37.5 34.4 28.1 59.4 18.8 3.1 25.0 9.4 12.5 3.1 0.0 59.4 53.1 68.8 50.0 21.9
MD/PHD, n  131 20.6 45.0 34.4 42.0 22.1 26.0 21.4 4.6 11.4 5.3 1.5 40.5 26.7 29.0 27.5 19.1
Highest degree of senior
authors, N  234
MD, n  139 29.9 43.2 33.8 33.8 23.7 18.7 13.7 15.8 7.2 9.3 5.0 41.0 48.9 36.7 28.8 28.8
PHD, n  15 33.3 53.3 13.3 53.3 20.0 26.7 33.3 6.7 6.7 0.0 0.0 40.0 33.3 73.3 40.0 20.0
MD/PHD, n 80 22.5 42.5 35.0 45.0 17.5 27.5 22.5 7.5 13.8 3.8 1.3 41.2 28.8 32.5 28.8 15.0
Type of research, N  388
Clinical only, n  252 21.8 42.5 35.7 32.9 24.2 16.7 13.5 14.7 6.3 5.6 2.4 32.1 38.5 35.7 21.8 27.8
Basic/basic and clinical,
n  136
33.8 47.1 19.1 58.1 22.1 22.8 25.7 5.9 17.6 8.8 3.7 64.7 47.1 47.1 37.5 19.1
Continued on the next page
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January 22, 2013:275–81 Magnitude and Nature of Unfunded Published Cardiovascular ResearchFunding. The lack of funding may be due to a decreased
supply of grants. For example, spending for research by the
National Institutes of Health decreased by 8.6% from 2003
to 2007 (p  0.001) (3). Similarly, the growth rate of
research spending by industry has decreased (4), and there
are indications of a decline in foundation support and
charity donors (5).
Our study, which categorized sources of funding by the
percentage of authors who received it, should not be compared
with other studies that categorized funding sources by mone-
tary amount. Although given less frequently, the total mone-
tary grant contribution from industry may be more than
government; however, this was not assessed in this survey.
In addition, our sample may be biased because authors with
fewer ties to industry may be deemed more favorably for
publication in JACC.
Distribution of funding, sources, and types of support
based on the authors’ characteristics. AGE. Authors 40
ears of age or younger were more likely to receive only
Figure 1 Proportion of Authors Versus Funding
Authors who were partially funded had the highest proportion, followed by
those who were unfunded and fully funded, respectively.
Figure 2 Proportion of Funding Based
on Different Sources of Funding
Most funding came from government and industry, whereas institutional, foun-
dation, association, philanthropy, and other grants contributed the remaining
funding.C
o T R
Th
is
an
d
h
t
5
s
r
h
i
E
M
d
H
m
r
n
c
w
d
r
280 Mai et al. JACC Vol. 61, No. 3, 2013
Magnitude and Nature of Unfunded Published Cardiovascular Research January 22, 2013:275–81partial funding or no funding. This is consistent with the
finding of Zinner and Campbell that junior faculty members
were twice as likely to have unsponsored research compared
with full professors (6,7). Despite having less experience, the
young authors in this study published in a competitive
journal, which attests to the value of their investigation.
Failure to obtain research funding may end the promising
careers of some young investigators.
INSTITUTION. Authors from Veteran Affairs and govern-
ment hospitals were more likely to be fully funded. In 2009
alone, the Department of VA Research and Development
budget in the United States was $884 million (8). Con-
versely, authors from community hospitals were less likely to
receive funding, especially from government grants. They
likely had difficulties conducting clinical trials due to limited
access to well-characterized populations, necessary informa-
tion technology tools, and qualified research staff (9).
LOCATION. More authors in the U.S. were fully funded and
ad higher rates of staff, salary, and administrative support
han those in the rest of the world. In 2003, the U.S. spent
.6% of its total health care spending on biomedical re-
earch, whereas no other country approached this amount in
elative or absolute terms (6). In the past few years, there
ave been major efforts to stimulate research funds for
nvestigators in Europe since the establishment of the
uropean Research Council (10).
TYPE OF DEGREE. The proportion of investigators with
D degrees who obtained funding was not significantly
ifferent from that of those with PhD or MD/PhD degrees.
owever, the authors with PhD degrees in our study were
ore likely to have support for salary and equipment. This
esult is consistent with a previous study showing that
onclinical researchers (often PhDs) depended on their
urrent project fund for income (11). Industry contracts
Figure 3 Proportion of the Types of
Support Given to the Authors
These authors received more supplies, staff, and salary support than equip-
ment or administrative support.ere significantly more often given to those with MDegrees, likely reflecting the clinical orientation of the
esearch that they sponsored.
TYPE AND TOPIC OF RESEARCH. Authors who did basic or
basic and clinical research, especially in coronary artery
disease, heart failure, and genetics and/or genomics, were
less likely to be unfunded. These findings concur with those
of the Williams et al. study showing that patient-oriented
research had a significantly lower rate of funding than
laboratory-oriented research (12). With regard to specific
sources of grants, unlike industry contracts, government,
association, and foundation grants significantly favored
basic or combined basic and clinical research. For cardio-
vascular disease research in the U.S. from 1996 to 2006,
40.1% of articles examining basic science questions received
National Institutes of Health support, which is more than
clinical trials or any other type of research (13). As clinical
trials increasingly move toward less wealthy countries, these
findings portend challenges to obtain financial support for
clinical researchers in industrialized countries (14).
Study limitations. Several factors were capable of influ-
encing our findings. Some data were recategorized to
have a valid chi-square analysis based on the small
number of data points in certain categories. Although the
response to our survey was 41%, this percentage compares
favorably with the response rates to other e-mail surveys
(mean response rate of 24%) (15). In addition, the
respondents to this survey were authors who have pub-
lished in JACC as opposed to other cardiology publica-
tions and general journals that publish on cardiac biology
and medicine; therefore, the results may not be applicable
to the overall status of funding for cardiovascular re-
search. More than 80% of articles in JACC are devoted to
clinical topics.
Another limitation of this study is the lack of a compar-
ison between the authors who responded to the survey with
those who did not. Although JACC authors are supposed to
acknowledge funding, details of funding, and author char-
acteristics (e.g., full vs. partial funding, salary support, staff
support, age) are not provided. In addition, it is not clear
from reading the manuscript whether their sources of
funding were specifically for the published study or for other
studies. The purpose of the survey was to directly ask the
corresponding authors specific information about funding
beyond the scope of a typical disclosure for publication
purposes. However, we confirmed that the proportions of
unfunded authors in our study were not statistically different
from all authors in 2011.
Conclusions
There is a long tradition of piggybacking clinical investiga-
tion on the delivery of clinical care. Supplies and equipment
used for patient care are often exploited to gather research
data. Evenings, weekends, and whatever discretionary time
is available are frequently devoted to the analysis of data and
preparation of manuscripts. Some of the most important
s281JACC Vol. 61, No. 3, 2013 Mai et al.
January 22, 2013:275–81 Magnitude and Nature of Unfunded Published Cardiovascular Researchmedical discoveries for cardiovascular patients have been
developed without specific grant funding: for example,
Edler and Hertz for echocardiography, Favaloro for coro-
nary bypass surgery, and Gruentzig for angioplasty. That
this trend continues is evidenced by the findings of our
survey. Nearly 1 of 3 manuscripts published in JACC does
not have financial support, and these are more often clinical
studies done by young investigators. These data are almost
certainly a reflection of the difficulty in obtaining grant
support from the National Institutes of Health, industry,
and other sources. The increasing demand to generate
patient care dollars to support academic institutions and
faculty represents a clear danger to this important source of
medical knowledge because it limits the ability to gather
ancillary data and to find time to analyze and write. This
stress is accentuated by declining rates of reimbursement for
medical services. The data in this study signal the impor-
tance of preserving this important avenue of medical ad-
vancement and argue for greater research funding and the
protection of the capacity to generate clinical research on
the back of clinical care.
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